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1	Introduction
At the last RANP#102 meeting, the study item of 5G femto was agreed in [1] including the following objective:
-	Study the overall RAN architecture and required functional and procedural impacts for supporting 5G Femto deployments [RAN3]. 
At last RAN3#123bis meeting, a few architecture options were captured in the TR 38.799. This paper proposes an evaluation of pros and cons of these architecture options and draws some conclusion.
2	Discussion
Four options have been captured in the TR:

Option1: direct connection of NR Femto to 5GC
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Pros: 
1. Simple connection to 5GC.
2. Suitable for certain deployments depending on number of NR Femtos to connect and/or virtualization support of the 5GC 
Cons: 
1. Not suitable for certain deployments with large number of NR Femtos and/or 5GC not virtualized.
2. Not suitable for residential deployments with frequent switch on/off of NR Femtos.
NOTE: In option 1, we assume that SeGW may also be optionally present like in option 2, but as agreed last RAN3#123bis meeting, “security aspects are under SA3 responsibility”. 

Option 2: NR Femto GW
[image: ]

Pros: 
1. Only one SCTP association from 5GC to NR Femto GW.
2. Can adapt to any deployment including deployments with large number of femtos and/or no virtualization of 5GC.
3. 5GC is shielded from frequent switch on/off of the NR Femtos.
4. Enables operators who have already deployed 4G Femto using HeNB GW to capitalize on operating model and integration process of 5G Femtos. 
5. Minor specification work since the few IEs to be added are already well known from 4g (just need copy/paste).
6. Allows to decouple concentration of CP and concentration of UP: concentration of UP is optional i.e. the NR Femto GW can concentrate CP only while the NR Femto connects directly to the UPF. 
Cons:
1. No cons as the deployment of NR Femto GW is anyway optional and complementary to option 1.

Option 3: SCTP concentrator
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Pros:
1. Only one SCTP association from 5GC to SCTP concentrator due to using multi-streaming.
Cons:
1. The solution does not work because it is undefined how the SCTP concentrator can learn that it needs to map the stream ID xx from 5GC SCTP association into stream ID yy of the SCTP association towards NR Femto zz.
2. The solution was proposed already for 4g and eliminated.
3. Standards and product do not exist for such SCTP concentrator. 

Option 4: NR Femto as a gNB-DU
[image: ]
Pros: 
1. Reuse existing gNB-CU as concentration node.
Cons:
1. F1-C was not designed to face frequent switch on/off. Usually F1-C is operated by the network operator and statically configured.
2. Interoperability issue: It is widely known that multi-vendor F1 deployments do not exist due to various interoperability challenges. If an operator buys NR Femtos from third party, it will have to connect to its vendor of gNB-CU with increase of costs and delay due to all interoperability testing. 
3. F1-C carried over internet backhaul can lead to latency and reliability issue not meeting the stringent requirement for F1-C interface.
4. This option forces the concentration of User Plane and not only control plane i.e. concentration of CP only while NR femto UP connects directly to UPF is not possible.
5. New operating model and procedures for those operators who have deployed 4g Femtos using HeNB GW, no reusability.
6. Even though specification impact seems also low, this needs to be further studied because this is a new solution and therefore standards work is needed to check if some IEs need to be added over F1 to make this solution work (no copy/paste possible).
Proposal 1: capture the above evaluation in the TR 38.799.
From the above evaluation, some down-selection can be started.
Obviously, there is a show-stopper for option 3 which was already studied and eliminated in 4g.
Then among remaining options, option 4 has severe shortcomings both on technical feasibility (latency, reliability), and operating model for the operator (frequent switch on/off, interoperability testing, migration model with 4g) which disqualify it in our view. 
It is therefore proposed to eliminate option 3 and option 4 and capture this in the conclusion part of the TR.
Proposal 2: capture in the conclusion of TR that option 3 and option 4 do not qualify for the work item phase.

3	Conclusion and Proposals
This paper has evaluated the four options for the architecture which were captured in TR 38.799 and proposed text for both the evaluation part and conclusion part along following proposals:
Proposal 1: capture the above evaluation in the TR 38.799.
Proposal 2: capture in the conclusion of TR that option 3 and option 4 does not qualify for the work item.
The corresponding TP for TR 38.799 is available in Annex A and in [2]. 
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5.2.x	Evaluation of Architecture options
Option1: direct connection of NR Femto to 5GC
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Pros: 
1. Simple connection to 5GC.
2. Suitable for certain deployments depending on number of NR Femtos to connect and/or virtualization support of the 5GC 
Cons: 
1. Not suitable for certain deployments with large number of NR femtos and/or no virtualization of 5GC.
2. Not suitable for certain residential deployments with frequent switch on/off of NR Femtos.

Option 2: NR Femto GW
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Pros: 
1. Only one SCTP association from 5GC to NR Femto GW.
2. Can adapt to any deployment including deployments with large number of femtos and/or no virtualization of 5GC.
3. 5GC is shielded from frequent switch on/off of the NR Femtos.
4. Enables operators who have already deployed 4G Femto using HeNB GW to capitalize on operating model and integration process of 5G Femtos. 
5. Minor specification work since the few IEs to be added are already well known from 4g (just need copy/paste).
6. Allows to decouple concentration of CP and concentration of UP: concentration of UP is optional i.e. the NR Femto GW can concentrate CP only while the NR Femto connects directly to the UPF. 

Cons:
1. No cons as the deployment of NR Femto GW is anyway optional and complementary to option 1.

Option 3: SCTP concentrator
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Pros:
1. Only one SCTP association from 5GC to SCTP concentrator due to using multi-streaming.
Cons:
1. The solution does not work because it is undefined how the SCTP concentrator can learn that it needs to map the stream ID xx from 5GC SCTP association into stream ID yy of the SCTP association towards NR Femto zz.
2. The solution was proposed already for 4g and eliminated.
3. Standards and product do not exist for such SCTP concentrator. 

Option 4: NR Femto as a gNB-DU
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Pros: 
1. Reuse existing gNB-CU as concentration node.
Cons:
1. F1-C carried over internet backhaul can lead to latency and reliability issue not meeting the stringent requirement for F1-C interface.
2. F1-C was not designed to face frequent switch on/off. Usually F1-C is operated by the network operator and statically configured.
3. Interoperability issue: It is widely known that multi-vendor F1 deployments do not exist due to various interoperability challenges. If an operator buys NR Femtos from third party, it will have to connect to its vendor of gNB-CU with increase of costs and delay due to all interoperability testing. 
4. This option forces the concentration of User Plane and not only control plane i.e. concentration of CP only while NR femto UP connects directly to UPF is not possible.
5. New operating model and procedures for those operators who have deployed 4g Femtos using HeNB GW, no reusability.
6. Even though specification impact seems also low, this needs to be further studied because this is a new solution and therefore standards work is needed to check if some IEs need to be added over F1 to make this solution work (no copy/paste possible).

5.2.Y	Conclusion for Architecture
Option 1 and Option 2 are technically feasible and beneficial, addressing different deployment scenarios.
Option 3 has technical issues.
Option 4 has severe shortcomings both on technical feasibility (latency, reliability), and operating model for the operator (frequent switch on/off, interoperability testing, migration model with 4g) and is therefore not recommended. 
It is recommended to continue the work with options 1 and 2 in work item phase.
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